
LPSC XX1 1 0 6 9  

O R I G I N  OF P H O B O S  - A E R O D Y N A M I C  D R A G  C A P T U R E  B Y  T H E  P R I M A R Y  
A T M O S P H E R E  OF M A R S ;  Sho Sasaki, Lunar and Planetary Lab., U .  Arizona, Tucson, A Z  8.5721. 

Observation by Phobos 2 spacecraft confirmed that surface properties of Phobos with low albedo arc like 
those of carbonaceous chondrites, although low density predicts porous or icy interior (1, 2). This suggcsts 
that the capture of an asteroid-like external body by Mars is a plausible origin of Phobos (and Deinios) (3, 
4). Aerodynamic drag by a planetary atmosphere is a possible-mechanism of satellite capture (,3, 4, .5). 11 
planet growing in the solar nebula attracts ambient gas to form an extended Hz-IIe atmosphere (8, 9). The 
gas drag by this primary atmosphere can be efficient, since its scale height as well as gas density should 
be much larger than that of the degassed secondary atmosphere (scale height of the solar-type primary 
atmosphere around Mars being several 100km at  the bottom and larger outside.) 

The  initial energy of a body entering a planetary gravity field should be higher than the potential 
minimum U1 a t  the inner Lagrangian point between Mars and Sun. Once the gas drag decreases the energy 
J (Jacobi integral in the restricted three-body problem) to  be smaller than U1, the body is captured by 
the planet. The  estimate of the initial capture was done previously: only when initial J is very close to U l  
the body may be captured after several tens (or hundreds) of rotations (5, 6, 7). But there was no study 
on long-term evolution (from capture to collision on to the planet) in which change in J depends much on 
orbital characteristics, in particular, periapsis distance where gas drag is most strong. Analytic estimate 
using the elliptic orbit is incorrect since solar gravity still plays an important role in changing the satellite 
orbit. 

Assuming two-dimensional framework which is rotating a t  angular velocity of planetary Keplerian ]no- 
tion, we calculated long-term orbital evolution of a captured satellite under the atmospheric drag taking 
both planetary and solar gravities into account. Numerical integrations of satellite orbits are based on 8-th 
order Runge-Kutta method (and Bulirsch-Stoer method) with adaptive stepsize control. Normalized gas 
drag is proportional t o  pCD/rSat ,  where we adopt Phobos' radius to  rSa t ,  gas drag coefficient CD = 2, and 
gas density p(r)  = 1 x 105po(r/r,)-3 (r, = 3 x 106[m] < r < 1 x 10a[m]) and p(r)  = poexp(5 x 10~[1n]/ r )  
outside (nebular density po = 4.2 x 10-7[kg/m3]) (9). The above CD and p are chosen so as to  give a stronger 
gas drag. Calculation starts from the inner Lagrange point which is the window of potential surface. T l~ere  
initial velocity to  the frame is in the order of vh = = J- (U2, MO, and a being po- 
tential a t  the outer Lagrangian point, solar mass, and heliocentric distance, respectively). In this low-energy 
case, the primary capture is possible after several tens of rotations. 

Our results are shown in Figs. 1 and 2 in terms of periapsis distance rp ,  apoapsis distance r,, eccentricity 
e, and Jacobi energy J .  As seen in Figs.1, the orbit passes through many different periodic orbits. Initially 
the minimum rp increases to  cause less gas drag and longer evolution time, then rp is roughly unchanged 
during orbital evolution, and rp decreases only a t  the final stage where rp = r, and e a 0. On the contrary, 
r, decreases continuously and the total time can be roughly estimated from change in r, a t  the first stage. 
The  final small e is in favor of present orbits of Martian moons. 

The timescale depends largely on small difference of the initial velocity condition. According to  several 
calculations we have performed, the total time to  collision (or Phobos orbital radius) varies from 900 to 
30000 Mars year. Figures 1 and 2 are examples of intermediate and short cases, respectively. When rp is 
large and e is low, weaker gas drag prolongs the evolution time since p cx r-3. The longer case takes place 
typically a t  smaller initial velocity. If timescale of the atmospheric escape is compatible, a captured body 
may become a satellite without collision onto the planet. We expect that assuming parameters for smaller 
gas drag the above timescale will be 10-100 times longer and compatible with life time of the solar nebula. 

Acknowledgments: This work was motivated by W. K. Hartmann. Discussions with S. Araki, J .  A. Burns, 
W. K. Hartmann, D. M. Hunten and W. C. Tittemore are gratefully acknowledged. Numerical calculatioi~s 
arc performed by Cyber 205 at John von Neumann National Supercomputer Center. 

References: (1) Avanesov, G.  A. et al. (1989), Nature, 341,  585-587; (2) Bibring, J.-P. et al. (1989), Nature, 
341,  591-593; (3) Burns, J .  A. (1978), Vistas Aston., 22,  193-210; (4) Hunten, D. M. (1979), Icarus, 37,  
113-123; (5) Nakazawa, K. et al. (1983), Moon Planets, 28,  311- 327; (6) Heppenheimer, T .  A. and Porco, 
C. (1977), Icarus, 30, 385-401; (7) Murison, M. A. (1989), Astron. J., 98,  2346-2359; (8) Hayashi, C. et al. 
(1979), Earth Planet. Sci. Lett., 43 ,  22-28; (9) Sasaki, S. and Nakazawa, K. (1989), Icarus, in press 

O Lunar and Planetary Institute Provided by the NASA Astrophysics Data System 



1070 LPSC SSI 

PHOBOS CAPTURE BY AERODYNAMIC DRAG: S. SASAKI 

0.00 ! I I I I I 
0.0 1000.0 2000.0 3000.0 4000.0 5000.0 

MARS YEAR MARS YEAR 

Figure 1 Changes of (a) periapsis distance, (b) apoapsis distance, (c) eccentricity measured at periapsis, 
and (d) Jacobi energy (inverse sign). Initial velocity relative to the frame, (v, ,  vy), is (2vh, -vh) (x is direction 
from the sun to Mars, y is direction of Keplerian rotation and normal to x). 
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Figure 2 Same as Fig. 1. Initial velocity (v,, vy) is (2vh, 2vh) 
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